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Doacription 

Devic e , method for producing the device, — chamber devic e 
and transfer devic e 

DEVICE, METHOD FOR PRODUCING THE DEVICE, 
CHAMBER DEVICE AND TRANSFER DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a U.S. national stage 

application of International Application No. 
PCT/EP2004/053285 filed December 6, 2004, which designates 
the United States of America, and claims priority to 
German application number DE 103 56 848.4 filed 
December 5, 2003, the contents of which are hereby 
incorporated by reference in their entirety. 

TECHNICAL FIELD 

[0002] The invention relates to a device with a first 

body, which has a recess, and a second body which is 
introduced into the recess. The invention further relates 
to a method for producing the device. The invention 
further relates to a chamber device with a chamber, which 
has a chamber housing which has a recess, with a plunger 
and with the device. The invention further relates to a 
transfer device, which transfers a displacement of an 
actuator, especially for an injection valve, with the 
chamber device . 
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BACKGROUND 

[0003] A transfer device can be arranged in an 

injection valve of an internal combustion engine and 
transfers the displacement of the actuator to a needle 
valve. Piezoactuators , which, because of their very fast 
reaction to control signals are very suitable for 
precisely controlling the dosing of fuel and if necessary 
allowing several consecutive part injections during an 
operating cycle of a cylinder of the internal combustion 
engine, are used ever more frequently as actuators. 

[0004] The fuel pressure in an injection valve for 

diesel combustion engines amounts to up to 2,000 bar. The 
result of this is that considerable forces have to be 
applied for opening or closing the injector needle. 
Furthermore an actuator embodied as a piezoactuator only 
has a far smaller lift than the lift of the injector 
needle required. The provision of a transfer device for 
transferring lift of the actuator is known, said device 
amplifying the lift and/or also creating a temperature- 
related length equalization. 

[0005] A fuel injection valve is known from 

DE 199 50 760 which features a piezoelectric or 
magnetostrictive actuator. A transfer device with two 
lifting plungers displaceable against each other is 
provided between the actuator and a valve needle. The 
transfer device is hermetically sealed in relation to an 
inner valve space. The first lifting plunger is 
effectively connected to the actuator and has an open 
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cylindrical shape on one side, the opening of which is 
arranged facing away from the actuator. The second lifting 
plunger is guided in the cylindrical opening. The first 
lifting plunger is in its turn located in a hollow 
cylindrical housing. A transfer chamber is embodied 
between an end surface of the housing and the first and 
the second plunger. Furthermore a tensioning spring is 
provided which pre-tensions the first and second plunger 
in opposite directions. Furthermore a compensating chamber 
is provided which is partly delimited by a corrugated tube 
and is hydraulically coupled to the transfer chamber. The 
compensating chamber is used to compensate for the change 
in volume of the transfer chamber and to supply the 
transfer chamber with a transfer medium at a defined 
pressure. This type of corrugated pipe is relatively 
complex and expensive however. 

[0006] A transfer device for transmission of the 

displacement of a piezoelectric actuator of an injection 
valve is also known from DE 101 62 045 Al . The actuator 
acts on a first lifting plunger 1 which in part of its 
area is embodied in the form of a cylindrical pot and in 
the inside of which a second plunger engages which is 
coupled to a servo valve or an injector needle of the 
injection valve. The first lifting plunger is guided in a 
cylinder body. Likewise the second lifting plunger is 
guided in the cylinder body. The first and the second 
lifting plungers are coupled via a pressure chamber. An 
axial displacement of the first lifting plunger is 
transmitted by means of the pressure chamber into an 
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opposite axial displacement of the second lifting plunger. 
Furthermore a compensating chamber is provided which 
compensates for the change in volume in the transfer 
chamber and supplies the transfer chamber with a transfer 
medium at a defined pressure. 



SUMMARY 

[0007] The object of the invention is to create a 

device, a method for producing the device, a chamber 
device and a transfer device which are simple and have a 
long life. 

[0008] The object j^ -can be achieved by a device 

comprising a first body which has a recess, and a second 
body which is introduced into the recess, and an 
elastomer, which is inserted between the first and second 
body in the recess and thus in this area, closes and seals 
the space between the first and second body, wherein the 
elastomer comprises a first groove extending at least 
partly along the recess while located at a distance from 
the wall of the recess. 

[0009] The first groove can be embodied to run all the 

way around within the recess. The first groove can be at 
a distance of 0.2 to 1.5 mm from the wall of the recess of 
the first body. A second groove can be embodied in the 
elastomer running radially inside the first groove. The 
second groove can be a distance of 0.2 to 1.5 mm from the 
position of the elastomer on the second body. The first 
groove can be deeper than the second groove . The second 
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groove can be wide enough to open out into the first 
groove. The areas of the first and second body against 
which the elastomer abuts can be free of edges. The first 
and second body can be embodied as tubular shapes . 

[0010] A chamber device may comprise a chamber 

comprising a chamber housing, which comprises a recess 
with a plunger and with such a device, wherein the chamber 
housing is the first body and/or the plunger the second 
body. The chamber housing can be connected to the first 
body and the plunger to the second body. The chamber 
housing can be welded to the first body and the plunger is 
welded to the second body. 

[0011] A transfer device, which transfers a 

displacement of an actuator, may comprise a housing, 
comprising a first recess in which a first and a second 
plunger are displaceably mounted, wherein the first and 
the second plunger can be effectively connected via at 
least one transfer chamber using a fluid, the effective 
connection causes a displacement of the second plunger if 
the first plunger is moved and vice versa, and wherein the 
transfer chamber can be hydraulically connected via a 
sealing gap with a compensating chamber which provides 
delayed compensation for differences in pressure between 
the transfer chamber and the compensating chamber and with 
such a device, wherein the chamber can be the compensating 
chamber, the chamber housing can be the housing, and the 
plunger can be the first plunger. 
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[0012] The object can also be achieved by a method for 

producing a device with a first body which has a recess 
and a second body which is introduced into the recess, and 
an elastomer, which is inserted into the space between the 
first and second body in the recess and thus closes and 
seals in this area the space between the first and second 
body, with the elastomer having a first groove which 
extends at least partly along the recess at a distance 
from the wall of the recess, the method comprising the 
steps of; 

plasma-activating the first body and the second body, 
providing the first body and the second body with a 
bonding agent in the areas in which the elastomer is 
to be applied, 

and then introducing and vulcanizing the elastomer. 

the featur e s of the independent claims . Advantageous 
embodiments of the invention are identified in the 
subclaims . 

[0013] As regards the device aspect, the outstanding 

feature of the invention is a device with a first body 
which has a recess, and a second body which is inserted 
into the recess, and an elastomer, which is introduced 
between the first and second body into the recess and thus 
in this area closes and seals the space between the first 
and second body, with the elastomer having a first groove 
extending at least partly along the recess while located 
at a distance from the wall of the recess. The invention 
thus makes use of the surprising idea that the long-term 
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durability of the device is greatly increased by the 
groove, even if the elastomer is subjected to large 
variations in pressure, since a compression force is 
created by the groove, which operates from the groove 
through to the wall of the recess and thus the elastomer 
presses against the recess and thereby reinforces the 
sealing effect. 

[0014] If the first groove is embodied as a circular 

groove an especially even seal along the entire recess is 
easily guaranteed. 

[0015] It is especially advantageous if the first 

groove is routed at a distance of 0.2 to 1.5 mm from the 
wall of the recess. The sealing effect is then 
particularly pronounced. 

[0016] In a further advantageous embodiment of the 

device a second groove is provided which runs radially 
within the first groove. The seal effect through to the 
second body can then also be specifically greatly 
improved. Advantageously the second groove is spaced at 
0.2 to 1.5 mm from the position of the elastomer on the 
second body. This produces an especially good sealing 
effect between the elastomer and the second body. 

[0017] In a further advantageous embodiment of the 

device the first groove is deeper than the second groove 
This enables the sealing effect to be greatly improved 
overall, which is based on the knowledge that sealing 
problems increasingly occur on the wall of the recess. It 
is especially advantageous in this case for the second 
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groove to be wide enough to open out into the first 
groove. This has the advantage of enabling the device to 
be produced very simply since the tool to produce the 
contour of the elastomer can be removed from the mold very 
easily. 

[0018] In a further advantageous embodiment of the 

device the areas of the first and second body against 
which the elastomer abuts are free from edges. Possible 
changes in cross section are rounded off. The advantage of 
this is that a bonding agent which is applied to the first 
body and the second body to ensure a good connection 
between the elastomer and the first or the second body can 
be simply applied with an even thickness to the first and 
second body. 

[0019] Furthermore it is advantageous if the first and 

second body is tubular. They are then suitable for use in 
further bodies and can then be permanently connected to 
them for example by means of a welded connection. Thus the 
device can easily be manufactured separately and used for 
a chamber device for example. 

[0020] As regards the chamber device aspect, the 

outstanding feature of the invention is a chamber device 
with a chamber which has a chamber housing which has a 
recess with a plunger and with the device, with chamber 
housing being the first body and/or the plunger the second 
body. 

[0021] A further chamber device is marked by a chamber 

which has a chamber housing which has a recess, with a 
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plunger and the device, with the first and second body- 
being embodied in tubular form and the chamber housing 
being connected to the first body and the plunger to the 
second body. This connection is made especially 
advantageously by welding. 

[0022] The invention is further marked by a transfer 

device which transfers the displacement of an actuator, 
especially for an injection valve, with a housing which 
features a first recess, in which a first and a second 
plunger are supported to allow movement, and the first and 
the second plunger are effectively connected via at least 
one transfer chamber using a fluid, with the effective 
connection causing a displacement of the second plunger if 
the first plunger is moved and vice versa, with the 
transfer chamber being hydraulically connected via a 
sealing gap to a compensating chamber, which provides 
delayed compensation for differences in pressure between 
the transfer chamber and the compensating chamber and with 
the chamber device, with the chamber being the 
compensating chamber, the chamber housing the housing, and 
the plunger the first plunger. This has the advantage of 
enabling the elastomer to be produced at low cost and thus 
making the compensating chamber inexpensive to manufacture 
overall . 

[0023] The invention is further marked by a method for 

producing the device, in which the first body and the 
second body are plasma-activated, the first body and the 
second body are then provided with a bonding agent in the 
areas against which the elastomer is to abut and 
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subsequently the elastomer is introduced and vulcanized. 
Through the plasma activation, which is preferably 
undertaken using an ionized gas, e.g. oxygen, radicals are 
created in the areas of the first and second body against 
which the elastomer is to abut which are very binding- 
friendly and thus lead to a very good binding of the 
bonding agent to the areas of the first and second body. 
This makes a very good connection between the first or 
second body and the elastomer in a very simple manner. The 
connection is especially good if the bonding agent is 
applied very evenly to the first and second body which can 
be simply supported by the areas of the first and second 
body against which the elastomer is to abut being free of 
edges . 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0024] 



_Exemplary embodiments of the invention are 



explained below with reference to schematic diagrams. The 
figures show: 

Figure 1 an injection valve, 

Figure 2 a first embodiment of a transfer 
device , 

Figure 3 a second embodiment of the transfer 
device, 

Figure 4 a device, 

Figure 5 a view from above of the device in 
accordance with Figure 4, 
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Figure 6 a view from above of a further 
embodiment of the device and 

Figure 7 a view from above of a further 
embodiment of the device. 

[0025] Elements for which the construction and function 

are the same are labeled by the same reference symbols in 
all figures. 

DETAILED DESCRIPTION 

[0026] An injection valve 1 has an actuator 2 which is 

effectively connected via a transfer device 3 to a needle 
valve 4. The actuator 2 is preferably embodied as a 
piezoelectric actuator. It can however be another type of 
actuator which creates a lift. The transfer device 3 
preferably converts the displacement of the actuator 2 in 
the direction of the injector needle such that a 
displacement of the actuator 2 in the direction of the 
injector needle 4 is transferred into an enlarged 
displacement of the needle valve 4. Furthermore it 
preferably also compensates for temperature-related 
changes in length to the actuator. Depending on its 
setting, the needle valve 4 closes of opens a nozzle 41 in 
the injection valve 1 and thereby controls the dosing of 
fuel. 

[0027] Depending on embodiment the transfer device 3 

can also transfer a displacement of the actuator 2 in the 
direction of the needle valve 4 in the opposite direction 
to the needle valve 4 . 
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[0028] The transfer device 3 has a first plunger 6, 

which has an annular cylindrical shape open on one side. 
The annular cylindrical shape part of the first plunger 6 
delimits a first transfer chamber 10, in which a second 
plunger 7 is guided. The first plunger 6 is inserted into 
a pot -shaped recess 8 of the housing 5 and is guided 
there. The second plunger 7 is guided in a further recess 
16 of the housing 5 and extends into a recess 9 of the 
first plunger 6. 

[0029] The second plunger 7 has a circular shoulder of 

which the diameter suddenly enlarges through to the area 
in which the first plunger 6 is guided. The shoulder forms 
a circular rear surface 13 of the second plunger 7. A 
first end face 17 of the first plunger, the rear surface 
13 of the second plunger and the end surface 15 of the 
housing 5 delimit a second transfer chamber 11. 

[0030] The second transfer chamber 11 is connected 

hydraulically via a first sealing gap 18, which is 
embodied between a side wall of the second plunger 7 and 
an internal wall of the first plunger 6, to the first 
transfer chamber 10. The first transfer chamber 10 is 
delimited by a second end face 19 of the first plunger 6 
and an end face 2 0 of the second plunger 7. 

[0031] The first sealing gap 18 is arranged so that it 

is narrow enough not to compensate for short-term pressure 
fluctuations between the transfer chambers 10, 11. 
Furthermore the second transfer chamber 11 is connected 
via a second sealing gap 21 which is embodied between the 
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outer wall of the first plunger and the inner wall of the 
housing to a compensating chamber 22. The first transfer 
chamber 10 is linked hydraulically via a hole 60, which is 
made in the first piston 6 to the compensating chamber 22. 
The compensating chamber 22 is delimited by a rear surface 
14 of the first plunger and by a device which is described 
in detail with reference to Figure 4 . 

[0032] The device comprises in the embodiment of the 

transfer device in accordance with Figure 2 a first sleeve 

52 and a second sleeve 53 with a smaller diameter than the 
first sleeve 52. An elastomer 50 is applied between the 
first and second sleeve 52, 53. The first sleeve 52 is 
permanently connected to the housing 4, preferably by 
means of welding. The second sleeve 53 is permanently 
connected to the first plunger 6 preferably also be means 
of welding. 

[0033] In a second embodiment of the transfer device 

(Figure 3) the elastomer 50 is introduced into the space 
between the first plunger 6 and the end area of the 
housing 5 . The embodiment in accordance with Figure 2 
offers the advantage that the first and second sleeve 52, 

53 and the elastomer can be produced in advance. The 
elastomer 50 is designed through its elastic properties to 
allow an increase of the volume of the compensating 
chamber 22 and thus avoid increases in pressure which are 
too great . 

[0034] The first and the second transfer chamber 10, 11 

and the compensating chamber 22 are filled with a fluid, 
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preferably oil. The housing 5, the first plunger 6 and the 
second plunger 7 and also the first and second sleeve 52, 
53 are preferably made of steel . Preferably a tensioning 
means 54, which is preferably embodied as a spiral spring, 
is provided which is supported on one side on a shoulder 
ring 55 and on the other side acts on the elastomer 50. 
The tensioning means is pre-tensioned so that the 
elastomer 50 is pre-tensioned in the direction of the 
compensating chamber 22 with a predetermined force. 

[0035] In Figure 4 the device is shown with a first 

body, which is embodied as a first sleeve 52, with a 
second body which is embodied as a second sleeve 53 and 
with the elastomer 50. With the embodiment of the transfer 
device 3 in accordance with Figure 3, the first body is 
the housing 5 and the second body is the first plunger 6. 

[0036] The elastomer 50 is thus introduced into the 

area between the first sleeve 52 and the second sleeve 53 
so that it closes and seals this area. A first groove 61 
which extends along the recess at a distance from the wall 
of the recess is embodied in the elastomer 50. It is, as 
is shown in the view from above in Figure 5, circular 
within the recess of the first sleeve 52, i.e. the area 
enclosed inside by the sleeve 52. It is preferably 
arranged at a distance from the wall of the first sleeve 
with a distance of 0.2 and 1.5 mm in relation to the 
center of the groove. The depth of the first groove is 
preferably selected to be between 0.2 and 1.5 mm. The 
effect of the groove is that pressure forces arising as a 
result of a relative movement of the first plunger 6 to 
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the second plunger 7, also operate radially on the 
elastomer and thus press the elastomer against the wall of 
the first sleeve 52 and thus greatly increase its sealing 
effect . 

[0037] Furthermore a second groove 62 is provided, the 

raised edge of which is preferably spaced at a distance of 
between 0.2 and 1.5 mm to the second sleeve 53. The second 
groove 62 ensures that the pressure obtaining in the 
compensating chamber 22 also operates radially on the 
second sleeve 53 and thus the elastomer 50 presses against 
the second sleeve 53. This means that the sealing effect 
is greatly improved with respect to the second sleeve 53. 

[0038] Preferably the second groove 62 is embodied less 

deeply than the first groove 61. This is based on the 
knowledge that a less deep second groove is already 
sufficient to guarantee a sufficient density of the 
elastomer 50 on the second sleeve 53 as apposed to the 
first sleeve 52 . Over and above this a minimum possible 
depth of the groove 61, 62 is desirable as regards a 
minimization of the volume of the compensating chamber 22. 
The fact that the second groove 62 opens out directly into 
the first groove 61, a simpler removal from the mold of 
the tool with which the elastomer in is incorporated into 
its form is possible, which especially as regards very 
small dimensions, makes the device very much simpler to 
manufacture . 

[0039] To manufacture the device in accordance with 

Figure 4, a first body embodied as a first sleeve 52 and 
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the second body embodied as the second sleeve 53 are 
plasma-activated. This is preferably done by flushing with 
ionized gas, e.g. oxygen, where radical points are formed 
on the metal surfaces, which result in a very great 
binding-friendliness of the surface of the first and 
second sleeve 52, 53. Subsequently a bonding agent is 
applied to the first and second sleeve, preferably in the 
area in which the elastomer 50 is to be present. The 
effect of the bonding agent is better, the thinner the 
layer is which is provided with the bonding agent. Ideally 
this involves a mono molecular layer. 

[0040] The rounded edges of the first and second sleeve 

52, 53 guarantee that the bonding agent can easily be 
distributed evenly. Trials have shown that edges which are 
too sharp can lead to an uneven distribution of the 
bonding agent and thereby to local layer thickness 
changes, which results in the elastomer not bonding so 
well with the first and second sleeve 52, 53 in the 
thicker areas of the bonding agent and thus sealing 
problems being able to arise. 

[0041] In a next stage of production the first and 

second sleeves 52, 53 are inserted into a corresponding 
molding tool and subsequently the elastomer mass is 
injected in and permanently shaped using a vulcanization 
process . 

[0042] A further exemplary embodiment of the device is 

shown with reference to Figure 6 . Instead of the annular 
form, the first body embodied as a tubular shape is here 
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embodied in a basic rectangular shape. Alternatively the 
first and second body can however also be embodied in 
further tubular shapes such as an elliptical basic shape. 

[0043] The first groove 61 in this embodiment is not 

embodied to run all the way around but only in sections, 
preferably in areas in which an additional radial pressure 
force of the elastomer 50 is necessary to guarantee the 
desired sealing effect and long life of the device. 

[0044] In a further alternative embodiment of the 

device the first groove 61 is embodied in a radial 
direction to be wide enough for sufficient force to be 
exerted via it on the wall facing the first sleeve 52, in 
order to guarantee the seal in relation to the first 
sleeve 52 and simultaneously via the wall which is facing 
the second sleeve 53 sufficient pressing force is 
transmitted to guarantee a sufficient seal in relation to 
the second sleeve 53 . The device in accordance with Figure 
4, 5, 6 and 7 can be used for a transfer device 3 and also 
for any other chamber device . 
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List of reference numbers 

1 injection valve 

2 Actuator 

3 Transfer device 

4 Needle valve 

5 Housing 

6 First plunger 

7 Second plunger 

8 Recess of the housing 

9 Recess in first plunger 

10 First transfer chamber 

11 Second transfer chamber 

13 Rear surface of the second plunger 

15 End surface of the housing 

16 Further recess in housing 

17 First end face of 1st plunger 

18 First sealing gap 

19 Second end face of the 1st plunger 
2 0 End face of the 2nd plunger 

21 Second sealing gap 

22 Compensating chamber 

23 Rear surface of the first plunger 

50 Elastomer 

51 Plunger rod 

52 First sleeve 

53 Second sleeve 

54 Tensioner/tensioning spring 

55 Shoulder ring 

56 Transfer means 
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57 Protective layer 

59 Stepped guide 

60 Hole 

61 First groove 

62 Second groove 
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ABSTRACT 

[0045] A transfer device , whic h for trans f er ring- g an 

actuator displacement of an actuator , particularly for an 
injection valve, has a housing — f54- comprising w ith a first 
recess inside of which having a first and second plunger 
4&t — 7-) — aa?e displaceably mounted. These first and s e cond 
plungers — (-67 — 7-)- are actively connected via at least one 
transfer chamber (10, — li)- by m e ans of a fluid. The active 
connection causes the second plunger -f74- to be displaced 
when the first plunger -(-6-)- is moved and vice versa. The 
transfer chamber (10) is hydraulically coupled via a 
sealing gap (21) to a compensating chamber — (22) that 
compensates f or compensating the pressure differences , in a 
delayed manner? — the pressur e differences betw e en th e 
transfer chamber — (10 , — l-t) — and the compensating chamber 
(22) . The transfer device also comprises has a chamber 
device with a chamber that is the compensating chamber 
(22) , with a chamber housing that is th e housing — (-54-, and 
with a first plunger that is the first plunger — (-6-)-. The 
chamber device comprises has a device with a first body— 
which has with a recess— including a second bod y, which 
is introduced into the recess , and with an elastomer (50) , 
which is placed in the recess between the first and second 
body whereby, — in this area, — closing and s ealing the space 
between the fir3t and second body . The elastomer — (50) has 
a first groove (61) extending at least partially along the 
recess whil e located at distance from the wall of th e 
r e cess . 



